ABSTRACT Background: Preterm delivery represents a substantial problem in perinatal medicine worldwide. Current knowledge on potential influences of probiotics in food on pregnancy complications caused by microbes is limited. Objective: We hypothesized that intake of food with probiotics might reduce pregnancy complications caused by pathogenic microorganisms and, through this, reduce the risk of spontaneous preterm delivery. Design: This study was performed in the Norwegian Mother and Child Cohort on the basis of answers to a food-frequency questionnaire. We studied intake of milk-based products containing probiotic lactobacilli and spontaneous preterm delivery by using a prospective cohort study design (n = 950 cases and 17,938 controls) for the pregnancy outcome of spontaneous preterm delivery (,37 gestational weeks). Analyses were adjusted for the covariates of parity, maternal educational level, and physical activity. Results: Pregnancies that resulted in spontaneous preterm delivery were associated with any intake of milk-based probiotic products in an adjusted model [odds ratio (OR): 0.857; 95% CI: 0.741, 0.992]. By categorizing intake into none, low, and high intakes of the milkbased probiotic products, a significant association was observed for high intake (OR: 0.820; 95% CI: 0.681, 0.986). Conclusion: Women who reported habitual intake of probiotic dairy products had a reduced risk of spontaneous preterm delivery. Am J Clin Nutr 2011;93:151-7.
INTRODUCTION
Preterm delivery (PTD) is one of the most common causes of perinatal mortality and morbidity worldwide. This condition accounts for most of the important adverse outcomes of pregnancy, including 70% of perinatal deaths and almost half of all subsequent postnatal neurologic complications, causing a substantial burden on society (1, 2) . In Scandinavian countries, the rates of PTD are 6.4% in Norway, 6 .3% in Denmark, and 5.6% in Sweden (3). Other European countries have comparable rates; however, in the United States the rate is as high as 12-13% (4-7).
PTD has a complex etiology, with the implication of several different potential causative pathways, such as decidual-chorioamniotic or systemic inflammation, decidual hemorrhage, activation of the maternal or fetal hypothalamic-pituitary-adrenal axis, or pathologic distention of the uterus (8) . Clinically, PTD is divided into spontaneous and medically indicated PTD. Spontaneous PTD (sPTD) is further divided into preterm labor and preterm prelabor rupture of membranes. The remaining deliveries are medically indicated PTD that are induced for obstetrical reasons.
Infectious conditions are believed to account for '25-40% of PTD (9) (10) (11) (12) (13) . In the lower genital tract (cervix, vagina, vulva), several types of bacterial infections can occur during pregnancy. In the vaginal tract, the main types of infections consist of bacterial vaginosis (BV), abnormal vaginal microbiota, and aerobic vaginitis, with different degrees of implication of these conditions in PTD. BV has been associated with PTD in a number of studies (14, 15) . Women with BV, abnormal vaginal microbiota, or aerobic vaginitis during pregnancy were found to have a higher risk of PTD, especially severe forms (early) and additional miscarriage, when they had a partial BV as defined in Donders et al (16) together with the presence of Mycoplasma hominis (16) . Bacterial infection of the intrauterine environment is more strongly implicated in cases of early PTD with a disproportionate high number of adverse outcomes (16) .
The preterm parturition syndrome leading to PTD is partly explained as being caused by microbial invasion of the amniotic cavity and the activation of the innate immune system. Combined endotoxins from microbes and proinflammatory cytokines from the innate immune system increase the production of prostaglandins with concurrent augmentation of uterine contractility, causing increased risk of preterm labor; additional inflammatory mediators influence the degradation of extracellular matrix in the fetal membranes that contribute to processes leading toward preterm prelabor rupture of membranes (17, 18) .
Maternal diet during pregnancy is of growing interest in relation to pregnancy outcomes and complications (19) . Probiotics are shown to normalize infections of the lower genital tract (20) and have a modifying effect on lipopolysaccharide (LPS) inflammatory response (21, 22) . We hypothesized that intake of food with probiotics might influence and reduce pregnancy complications and, through this, influence the rate of PTD. The rationale is based on a putative direct effect of probiotics on vaginal tract infections and on a reduction in the overall inflammatory state, which is in agreement with a systemic inflammation hypothesis based on the assumption that keeping inflammation at a subthreshold level avoids progesterone-induced labor.
In this study, we investigated the hypothesis that intake of milk products containing probiotics is associated with reduced risk of sPTD.
SUBJECTS AND METHODS
We performed a study in the Norwegian Mother and Child Cohort Study (MoBa) initiated by and maintained at the Norwegian Institute of Public Health. In brief, MoBa is a nationwide pregnancy cohort that from 1999 to 2008 has included .107,000 pregnancies. Pregnant women were invited to participate through a postal invitation after they signed up for routine ultrasound examination at their local hospital. The participation rate was 43% (23) . The women were asked to provide biological samples and to answer questionnaires during pregnancy and after birth until age 7 y for the child. The first questionnaire (Q1), which was completed in gestational week 15, covered health, chemical, and physical factors in the environment; lifestyles; and socioeconomic and demographic factors. The second questionnaire (Q2) was a food-frequency questionnaire. The records of the participating women in the Medical Birth Registry of Norway (MBRN) were included in the data set (24) . This study uses version 4 of the data files made available for research in 2008. The study was approved by the Regional Committee for Ethics in Medical Research and the Data Inspectorate in Norway.
Inclusion criteria and phenotype definition for sPTD were spontaneous onset of PTD in current pregnancy of either preterm labor or preterm prelabor rupture of membranes and onset of PTD from 22 to ,37 gestational weeks in a singleton pregnancy with a maternal age of 20 to ,35 y. Pregnancies were excluded on the basis of preexisting medical conditions such as diabetes, hypertension, thromboembolic disease, autoimmune diseases, inflammatory bowel disease, systemic lupus erythematosus, rheumatoid arthritis, and scleroderma. In addition, pregnancies were excluded on the basis of pregnancy complications due to preeclampsia, hypertension, diabetes, small for gestational age (according to intrauterine growth curves), abruption of the placenta, placenta previa, or deep venous thrombosis and serious fetal malformations and cervical cerclage. Immunocompromised patients were excluded. Controls were selected according to the following criteria: spontaneous onset of PTD, singleton pregnancy, a maternal age of 20-35 y, and a gestational age from 39 to ,41 wk. The exclusion criteria were the same as for sPTD regarding preexisting medical conditions and pregnancy complications and the exclusion of immunocompromised patients.
Dietary information
A food-frequency questionnaire (FFQ; www.fhi.no/dav/ 22CA50E0D7.pdf) was completed in weeks 17-22 of gestation.
The dietary data used in this study were collected from 2002 to 2007. The FFQ is a semiquantitative questionnaire designed to capture dietary habits and intake of dietary supplements during the first 4-5 mo of pregnancy, as has been described in detail elsewhere (25) . The FFQ specifically asked for how often the women consumed probiotic milk or yogurt [Probiotic food item A: Biola milk (Tine, Oslo, Norway), Biola yogurt (Tine)] or probiotic milk [Probiotic food item B: Cultura milk (Tine)], with 11 alternative intake frequencies ranging from "never" to "8 or more times per day" (see Supplemental Figure 1 under "Supplemental data" in the online issue). The lowest possible intake for each probiotic item was 6.6 g/d (once monthly), and the highest possible intake was 1600 g/d (8 times daily). FoodCalc (26) and the Norwegian Food Composition Table (27) were used to calculate food and nutrient intakes. A validation study showed that, relative to a dietary reference method and several biological markers, the FFQ produces a realistic estimate of habitual intake and is a valid tool for ranking pregnant women according to high and low intakes of energy, nutrients, and food (28) .
The products classified as containing probiotics in this study are milk-based beverages containing probiotic lactobacilli. The probiotic milk-based food item A was Biola probiotic milk, including Biola yogurt, containing Lactobacillus acidophilus LA-5, Bifidobacterium lactis Bb12, and Lactobacillus rhamnosus (LGG); food item B consisted of Cultura probiotic milk-based beverage containing Lactobacillus acidophilus LA-5 and Bifidobacterium lactis Bb12.
Statistical methods
Data were analyzed by using the binary logistic regression method in the statistical software PASW statistics 17 (SPSS Inc, Chicago, IL) with the covariates of maternal age, parity, previous spontaneous abortions early (,12 wk) or later (.12-24 wk) in pregnancy, marital status, body mass index before pregnancy, physical activity, smoking before pregnancy, smoking in pregnancy, alcohol intake, educational level, and combined partner income. Criteria for inclusion of confounders in the model were restricted to covariates associated with exposure at P , 0.05 (Table 1 ) and were associated with outcome in the model at P , 0.100. In addition to potential confounders, differences in total energy intake (kJ/d), added sugar (% of total energy intake), total carbohydrate (g/d), total fat (g/d), total protein (g/d), or dietary fiber (g/d) were assessed between cases and controls.
The probiotic food types were tested for association for intake or no intake, then intake in g/d was grouped into categories of "none," "low," and "high" consumption for observable dose effect, and analyses were performed in the model to evaluate the potential interaction of sex and probiotic intake and parity and probiotic intake on sPTD. An observed P value at the 0.05 level was considered to be significant.
RESULTS
A total of 23,822 women were eligible for this study on the basis of information from the MBRN; of these, 1210 cases and 22,612 controls were identified, of whom 19,195 (80.6%) had answered both Q1 and Q2. A final total of 18,888 (79.3%) had a registered food intake .4.5 and ,20 MJ/d and were included in the analyses (Figure 1 ). There were no observed differences in total energy PRETERM DELIVERY AND PROBIOTICS intake (kJ/d), added sugar (% of total energy intake), total carbohydrate (g/d), total fat (g/d), total protein (g/d), or dietary fiber (g/d) between cases and controls (P . 0.05 for all). The initial analysis was based on frequencies of any intake compared with no intake. The results showed a consistent association between intake of probiotic food items and sPTD (P = 0.044), which increased (P = 0.038; OR: 0.857; 95% CI: 0.741, 0.992) after adjustment for the following significant covariates: parity, maternal educational level, and physical activity (Table 1 and Table 2 ). The frequency analysis led to analyses using intake in milliliters. When grouped into no, low, and high intakes in milliliters, probiotic dairy products were significantly associated with high intake (P = 0.035; OR: 0.820; 95% CI: 0.681, 0.986) ( Table 3) , and all probiotic food item groups showed lower ORs with increasing dose, suggesting a weak dose-dependent effect with lower sPTD risk (data not shown). The content of probiotic bacteria in these beverages are 10 8 probiotic bacteria/mL, which corresponds to '2.85 · 10 9 -2.0 · 10 11 probiotic bacteria/d in the high-intake group. There was no significant interaction observed for parity and probiotic intake. No significant interaction was observed for fetus sex and probiotic intake.
DISCUSSION
In this study we observed a protective effect of intake of probiotic milk products with sPTD, with a suggested weak dosedependent effect. Our finding is of importance to perinatal care and has the potential to improve current pregnancy health care. Intake of milk products that contain probiotics might influence and reduce pregnancy complications, possibly through an effect of probiotics on vaginal tract infections and a reduction in overall inflammatory state in keeping with a systemic inflammation hypothesis.
There are several strengths of this study, which included the prospective design with collection of dietary data and the FFQ completed during 17-22 wk of gestation, before pregnancy delivery to avoid confounding by retrospectively answered questionnaires. The strict and extensive sample inclusion and exclusion criteria make this a very homogenous set of cases and controls. Furthermore, the sample size is large and represents women from all over Norway with diverse dietary habits and a wide range of intake frequencies of probiotic products. A true picture of dietary intake is difficult to obtain with the use of FFQs. Although this method provides an acceptable representation of dietary habits, its use represents a weakness in the study along with the absence of confirmation of results through examination of vaginal microbiota and known but unmeasured confounders such as use of fertility medications, interval between pregnancies, psychological problems including depression, anxiety, stress, weight gain during pregnancy, traumatic events during pregnancy, and genetic factors.
We investigated intake of milk products containing probiotics as an environmental exposure that is potentially important in the moderation of infection and in influencing the outcome of sPTD. The investigated probiotic dairy products contain probiotic bacteria such as lactobacilli that normalize levels of, among others, the 4 main BV microorganisms-Gardnerella vaginalis, Mobiluncus, Bacteroides, and M. hominis-and additionally Prevotella bivia and Peptostreptococcus anaerobicus (29) . Thus, probiotic lactobacilli strains have been documented to have an antagonistic effect on most bacteria involved in BV, and the probiotic effect is assumed to contribute to a normalization of the bacterial microbiota through reestablishment of lactobacilli (20) . In our study, a significant association was observed between high intake of probiotic dairy products and sPTD (Table 3 ). The use of probiotics in female urogenital health care and especially BV has been advocated in previous studies (30, 31) . In a study on oral intake of probiotic lactobacilli that investigated the effect on vaginal microbiota, a significant reduction in asymptomatic BV was observed after treatment with oral capsules containing Lactobacillus rhamnosus and Lactobacillus fermentum, resulting in restoration of the vaginal microbiota to normal, lactobacilli-dominant status (20) . In addition, infections of M. hominis that are associated with PTD (32) are sensitive to probiotic bacteria such as those found in the milk-based probiotic dairy products included in this study.
The observed results of a protective effect of probiotic intake and an association between high intake of probiotic dairy products and sPTD (Table 3) are especially interesting in light of a recent study by Yeganegi et al (21) , in which supernatant fluid of L. rhamnosus GR-1 was found to influence the LPS response in placental trophoblast cells, with an increased modifying effect for male cells. Yeganegi et al (21) suggested that the observed sex difference in the studied placental trophoblast inflammatory response might explain some of the skewness observed toward increased ratio of male fetuses in PTD and that lactobacilli might have a therapeutic effect on PTD. Because we observed a protective effect of intake of probiotic dairy products and an increase in risk after adjustment for potential confounders, our results are partly in agreement with Yeganegi et al's hypothesis. However, we did not observe a more prominent contribution regarding the probiotic food item containing the additional probiotic bacteria L. rhamnosus (LGG) (data not shown), and no significant interaction was observed for fetus sex and probiotic intake or parity and probiotic intake.
The lactic acid bacteria included here constitute different lactobacilli strains, which adds to the findings by Yeganegi et al (20) . To this end, we can consider a possible mechanism by which intake of diverse strains of probiotics may contribute to a reduction in overall inflammatory state in keeping with a systemic inflammation hypothesis, further keeping inflammation at a subthreshold level to avoid progesterone-induced labor. Because the effects of specific probiotics in relation to sPTD are strain specific, it is important that studies are conducted at a strain-specific level.
Because the implicated pregnancy conditions in PTD are presumably atypical and subclinical variants of BV, and the biological dynamics of probiotic food intake and effect of maintaining these dynamics under control are unknown, the amount and concentration of probiotic intake needed for an effect is an important aspect of this discussion. Our results imply that high intake (in mL) of probiotic food items, which in this study corresponded to a mean intake of 138.4 mL/d, had an effect (Table 3 ) with a range of '2.85 · 10 9 -2.0 · 10 11 probiotic bacteria/d in the high-intake group. This is more than the .10 9 probiotic bacteria/capsule that was applied in a daily dose in the previously mentioned clinical trial by Reid et al (20) .
Our results thus fit a general hypothesis of subsets of sPTD being caused partly by an increased infection or inflammation state representing an increased level of systemic inflammation. Dietary probiotics fit according to this hypothesis if they are assumed to function as a "rescue mechanism" by lowering overall inflammation in combination with providing a healthy vaginal microbiological environment.
In this era of multidrug-resistant bacteria, it is especially important to be open to more alternative and innovative methods for the prevention and treatment of resource-demanding conditions such as preterm hospitalization, which is a major cost in the United States (2) and the rest of the world.
In conclusion, this study shows that intake of probiotics through milk products might be associated with reduced risk of sPTD. Further investigation is warranted with the use of randomized controlled trials for evaluation as to whether to view presence of foods containing probiotics as protective and their absence as a risk factor for sPTD and to improve understanding of health complications during pregnancy to further facilitate effective health promotion strategies. Successive reduction in PTD may be achieved by targeting dietary health issues and evaluating intake of probiotics, with consideration of nutritional interventions early in pregnancy or prepregnancy.
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